Introduction
A high level of car ownership in large cities of Lithuania caused a great shortage of parking spaces in multi-storey housing areas. The car ownership level in Klaipėda is 506 cars/1,000 inhabitants, in Kaunas -547, in Šiauliai -490, in Panevėžys -528 and in Vilnius -474 (see Fig. 1 ). More and more residential districts face a problem of the abundance of cars standing right beside residential houses. This is dangerous from the road safety point of view as they block the driveways, sidewalks and green spaces, and considerably worsens the quality of life for local residents. One of the ways to reduce the demand for parking lots in urbanized areas is to use the parking lots of adjacent shopping centres.
Construction of the shopping centres was encouraged by the growth of economy in the cities of Lithuania over the recent decades. In 1995, the fi rst shopping centres were opened in large Lithuanian cities the majority of which were built in peripheral zones of the city. This ensured good accessibility, variety of goods and services, free parking of cars. The development of shopping centres in a periphery satisfi ed the needs of investors -to acquire cheaper land, uncomplicated design and construction, quick payback of investments. A transport infrastructure was erected -streets and pedestrian paths were built (Burinskiene & Munch, 2003) .
The largest construction of shopping centres in Vilnius took place in 2000-2010 when their number increased three times. Based on data of 2014, the total area of shopping centres in Vilnius amounted to more than 400 thousand square meters. Based on the Lithuanian Construction Technical Regulation (STR) the shopping centre shall ensure the minimum number of parking spaces, 20 m 2 area of the shopping shall be accommodated with 1 parking space (Zagorskas & Palevičius, 2011) .
Unlike the laws in many other countries, the laws of Lithuania allow to build shopping centres of various size in residential districts. At night, parking lots near those shopping centres are almost empty, whereas, the residents of adjacent multi-storey houses lack parking spaces near their houses. Our aim is to develop an evaluation system of shopping centre parking lots, which would enable to solve problems related to the lack of parking spaces near multi-storey houses.
Intensive use of the parking lots of shopping centres will allow reducing the number of parking spaces in the urbanized areas, to release the multi-storey residential areas from the chaotically parked cars and to create favourable and safe conditions for pedestrians, public transport and service vehicles.
Literature Review
The literature review of the shopping centre parking's lots is divided into two groups. In the fi rst group the scientifi c work is overviewed and in the second group -pilot projects.
The Scientifi c Works
The scientists from Netherlands made the research -Is parking supply related to the turnover of shopping areas? (Mingardo & Van Meerkerk, 2012) . For the research purposes they selected 80 parking lots of shopping centres and determined that the size of parking lot has no effect on the turnover of the shopping centre. However, the most important factors are quantity and quality of the shops, visitorfriendliness, location and accessibility.
The Scottish scientist, analysing the relative importance of nine agglomeration format characteristics on the attractiveness of shopping malls and shopping streets, found out that retail tenant mix and atmosphere has the highest relative importance. He concluded also that parking does not seem "to provide potential to change the attractiveness of the investigated agglomeration factors" (Teller, 2008) .
The Australian scientist raised fi ve hypotheses: 1) Consumers will rate parking and access convenience as an important determinant of where they choose to shop;
2) Consumers will rate parking and access as important irrespective of age, income or gender; 3) Consumers will perceive malls as offering better access and parking convenience than strips; 4) Parking and access convenience will infl uence retail centre preference; 5) Parking and access convenience will infl uence consumers most frequented retail format. The author concluded, that the fi ndings indicate that urban planners must give careful consideration to the negative consequences that may stem from strategies designed to deter car-based shopping (Reimers, 2013).
Pilot Projects
In the works of foreign scientists a differentiation of the demand for parking lots of shopping centres has not been widely studied (Czerwinski, 2013) . More widely studied are the demand and possibilities for the construction of multi-storey garages at large shopping centres (Pech et al., 2009) , the use of the parking lots of shopping centres for Park&Ride system, implementation of Carfree Cities concept, and the like (Hole, 2004) .
Many authors from EU countries pay their attention to the fact that shopping centres are provided with underground and over-ground garages: Hamburg, Stockholm, Helsinki, Vienna, London, Oxford, Warsaw (Szarata, 2007; Pęski & Czechowski 2001 ), Cracow (Kęsek, 2007 which accommodate 2,000-5,000 cars. Since in foreign countries the shopping centres are built further from residential areas (Kanajan et al., 2005) their parking lots are used only by the shopping centre visitors of (see Fig. 2 ).
When solving car parking problems in urbanized areas the multi-storey underground garages are built, a top priority is given to the development of public transport as an alternative to passenger car (Wang et al., 2004) .
In recent decade, in the West European cities the concept of Carfree Cities is popular (Crawford, 2000) , based on which the cars are eliminated from the multi-storey residential districts giving priority to public transport and expanding green spaces. Residential districts that are free of parking spaces are erected in Edinburg, Hamburg (Petersen, 2009), Freiburg, Amsterdam, Malmo. The cars are parked on the outside streets of residential districts, in multi-storey garages. At present, it is important to organize a convenient public transport and a network of cycle paths. In recent years, in the cities of United Kingdom, Germany, Italy, Czech and other countries a system of combined journeys is being implemented by using the compatible passenger car and public transport, including railway, resulting in the implementation of Park&Ride and Park&Rail systems (Majdecka et al., 2012) .
Many authors emphasize in their studies that parking problems in the urbanized areas must be solved in a complex way taking into consideration the living quality of residents which is worsened by cars left standing in the prohibited places at the residential houses: in the territories of green spaces, children 's playgrounds, etc. (Parteka, 2010) .
Research Methodology
The aim of this work is to ensure the effective twenty-four-hour use of the parking lots of shopping centres, situated in the multi-storey housing areas, for parking of passenger cars. To implement this aim the main criteria are determined infl uencing the use of the parking lots of shopping centres by the local residents.
The following tasks were raised to reach the aim of work:   To make a review of foreign scientifi c literature.   To carry out investigation of parking regularity in the parking lots of shopping centres adjacent to multi-storey housing areas, taking into consideration the need of local residents to use them at night.   To assess the results of multi-criteria decision making approach.
The following research methods were used: empirical, expert and multi-criteria: SAW, TOPSIS, PROMETHEE.
Until now, no detail investigations were carried out at the shopping centres to determine the car parking parameters and characteristics. Today, very often the cars that are not admitted to the parking lots of shopping centres are parked on the streets and adjacent yards of residential houses, and after the shopping centres are closed their parking lots are almost empty throughout the whole night. A complex use of these parking lots and rotation of cars would reduce the number of passenger cars standing on the streets of residential districts (Palevičius et al., 2013) .
At present, in Vilnius the number of parking spaces at all shopping centres, including the largest shopping and recreational centres, is more than 20,000 of which only about 5,400 (27%) are occupied with passenger cars at night (see Fig. 3) .
Observations of the parking of cars were carried out in the parking lots of 49 Vilnius City shopping centres and within a 300 metre radius of shopping centres (see Fig. 4 ).
The research was carried out in September -October 2013 using the observation method. The research of parking spaces has its own specifi c features, therefore observations were carried out during working days, except Fridays and weekends. During the observation it was determined: a design capacity of parking lots of shopping centres, the occupancy of the lot, 
Fig. 4: Vilnius City scheme
Source: own the number of residents and fl ats, the value of fl ats, the number of working population, the demand for parking spaces (the research on the occupancy of parking spaces was carried out at night from 10.00 p.m. to 2.00 a.m.), etc. Additionally, the main criteria were selected in order to determine the interaction of the parking lots of shopping centres with the neighbouring area (R 300 m). An example of research scheme is given in Figure 5 . During preliminary analysis in a visual way and based on the marking of parking spaces the real number of parking spaces was determined in the parking lots of shopping centres as well as their design capacity. In the absence of marking the exact number of parking spaces was determined with the help of GIS technologies (Jakimavičius & Burinskienė, 2010) .
From 10.00 p.m. to 2.00 a.m. at night in a sequence order in all study objects the number of free parking spaces was recorded.
The value of occupancy or loading of the lot was determined by the following formula:
The occupancy coeffi cient of the parking lot in the certain time intervals is used to show the ratio between the number of cars parked in the parking lot in the certain moment and the existing number of parking spaces.
For the rational functioning of a parking lot this value would not exceed 0.8. When the occupancy is more than 0.8 -the functioning of a parking lot is aggravated, the problems of road safety appear; when the value exceeds 1.00 -the parking process in many cases becomes uncontrolled. Also, a percentage expression of the occupancy value can be used.
The parking lots of shopping centres, that are qualifi ed as high attraction objects, allow the residents of multi-storey houses to use them at night for their own needs, e.g., for a long-term or short-term storage of cars. The detail investigations showed that the occupancy of the study parking lots at night varies from 1 to 115%. It is obvious that the occupancy coeffi cients for the parking lots of shopping centres are different, therefore, the authors divided the study parking lots into four groups (see Fig. 6 ).
The group I covers eight parking lots of shopping centres, the group II -8, the group III -13 and the group IV -20. Depending on the housing development of the urbanized areas the demand for the parking lots of shopping centres in the cities are different. Frequently, the total area is not as important as the nature of functioning of certain places which is described by the turnover of one car parking space. Therefore, it is important to confi rm or deny a hypothesis that a systematic development of the parking lots of shopping centres will allow to solve parking problems in the urbanized areas. This investigation is related to the belief that it will give positive results. The main indices are selected which allow assessing the situation in the study micro-environment and determining the relation of the existing parking lots of shopping centres to the environment of the district. In this work 7 criteria were selected:   Intensity of housing development (K1) -a ratio between the sum of the total area of over ground premises of all buildings and the total area of land plot, expressed in percent (%).   Width of the carriageway of streets situated at the shopping centres (K2). At the parking lots of shopping centres, which were divided by arterial streets and the streets of lower categories, a width of the carriageway was measured (in meters).   Number of fl ats (K3) was determined based on the information given by the Statistics Lithuania, expressed in a number of fl ats.   Value of fl ats (K4) was calculated based on data provided by the company CodeIn, UAB.
  Direct visibility of the parking lot from the surrounding fl ats (K5) was calculated with the help of GIS, expressed in percent.   Working population (K6) was determined based on the information given by the Statistics Lithuania, expressed in units.   The demand for parking spaces (K7) was calculated according to the minimum requirements to the erection of parking spaces at multi-storey houses; based on the Construction Technical Regulation STR 2.06.04:2014 Streets and Roads of Local Signifi cance. General Requirements. All those criteria were determined and calculated within a 300 metre radius of the parking lot of shopping centres.
The group I involves eight parking lots of shopping centres the occupancy of which at night varies from 83 to 115% (Tab. 1).
The group II covers eight parking lots of shopping centres the occupancy of which at night varies from 54 to 67% (Tab. 2).
The group III involves thirteen parking lots of shopping centres the occupancy of which at night varies from 27 to 48% (Tab. 3).
The Group IV covers twenty parking lots of shopping centres the occupancy of which at night varies from 1 to 23 % (Tab. 4).
For further calculations the Multiple-Criteria Decision Making techniques (MCDM) were used. 
Fig. 6: Percentage occupancy of the parking lots of shopping centres by groups

The Use of Multiple-Criteria Methods
The multiple-criteria problems are solved by various mathematical methods. The multiplecriteria problems have from several to several tens of criteria and when making the decision all of them must be considered. To assess the criteria of occupancy potential of the parking lots of shopping centres three multiple-criteria methods were used: SAW, TOPSIS and PROMETHEE. Each method uses different ideas of data normalization and transformation.
Determination of the Signifi cance of Criteria
Having made an empirical research of 49 shopping centre parking lots the list of decisive criteria was made having the effect on the occupation of the parking lots of shopping centres. The list of criteria was made in a way of expert evaluation, i.e. 4 groups of scientists selected 7 main criteria, which were later presented to the experts. For expert evaluation the expert questioning was carried out where 8 experts took part, 4 of them are the specialists in transport sector, 3 specialists of territorial planning and 1 architect. The respondents work in both public and private sector. The average working experience of the respondents is more than 15 years. The experts made a ranking of criteria by the preference order in respect of their signifi cance to the research object. The most signifi cant criterion was given the highest value equal to one, the next criterion (according to its effect on the research object) got the value 2, and so on; the least signifi cant index got the value m, where m -the number of criteria used. Ranking makes it possible for the experts to distinguish the most signifi cant and insignifi cant criteria and to assess the signifi cance of 
Tab. 4:
The values of the criteria of occupancy potential for the parking lots of shopping centres in group IV criteria. Using methods of mathematical statistics the consistency of expert judgements is determined. The results of expert ranking are given in Table 5 . On a basis of the results of criteria ranking it is verifi ed if the expert judgements are consistent. The level of consistency is defi ned by the concordance coeffi cient of M. Kendall (Kendall, 1970; Podvezko, 2007; Podvezko & Sivilevicius, 2013) .
If expert estimates (data of Tab. 5) are marked as e ik , the sum of ranks of each index 
The expert estimates of criteria signifi cance and criteria weights are given in Table 7 .
When estimating criteria signifi cance the criteria comparison matrix was developed using AHP (Analytic Hierarchy Process) method (Saaty, 2005; Saaty, 1980; Podvezko, 2009; Kutut et al., 2014) , (Tab. 6). 
Tab. 5: The results of expert ranking e ik
The consistency index of the expert pairwise comparison C.I. = 0.036, the consistency ratio C.R. = 0.027 < 0.1, i.e. the estimates are consistent.
To reduce the impact of randomness on the determination of weights the same experts once again fi lled in the criteria comparison matrix by AHP method. The weights, calculated by two AHP methods, are given in Tab. 8 and Fig 7. They also give weights of direct estimates and the mean of weights.
Evaluation of the Occupancy Potential for the Parking Lots
When analyzing the occupancy potential for the parking lots the world-widely used SAW, TOPSIS and PROMETHEE methods were applied refl ecting the main ideas of these methods. A bibliography of only two methods -PROMETHEE and TOPSIS is made of several hundred publications each, the methods were used in many various fi elds -from logistics to health protection (Behzadian et al., 2010; Behzadian et al., 2012; Mardani et al., 2015a; Mardani et al., 2015b) . The simplest SAW (Simple Additive Weighting) method (Hwang & Yoon, 1981; Podvezko, 2011; Tupenaite et al., 2010; Bagocius et al., 2014) (8) where r ij is the value of i-th criterion for j-th parking lot taken from the table of expert estimates.
The main principle of TOPSIS (Technique for Order Preference by Similarity to an Ideal Solution) method is that from compared alternatives the chosen one will have the shortest distance from the best solutions and the largest distance from the worst solutions (Hwang & Yoon, 1981; Opricovic & Tzeng, 2004; Ginevicius et al., 2012 
The best solution (alternative) V* and the worst solution V -are calculated by the formulas:
where I 1 -a set of numbers of maximizing From the preference functions p(d), most frequently used in practice, in this research the authors chose the so-called V-shape function best suitable to all criteria (Fig. 8) .
The study parking lots were divided by their occupancy into four groups. Tables 1-4 give the values of all criteria.
The values of evaluation criteria obtained for all parking lots in each group using the SAW, TOPSIS and PROMETHEE methods, the corresponding positions, the sum of positions and the summary of evaluation (ranking) are given Tables 9-12. Calculations, made by the above multiplecriteria methods, show that the best evaluation results in group I of parking lots are represented by the parking lot of the shopping centre No. 5 (Tab. 9). This is determined by the intensity of housing development (1.08), large number of fl ats (1,720), 2,470 working population and its location within a 300 metre radius of the shopping centre (Tab. 1). The lot is situated within 18% visibility zone from the neighbouring residential houses, provided with convenient entrance and with fast accessibility from the parking lot to the houses.
The most unfavourable situation is represented by the parking lots of the shopping centres No. 7 and 8 (Tab. 9) . This is explained by the lower demand for parking spaces, less fl ats and less residents (Tab. 1). In the parking lots of shopping centres with the occupancy of 51 to 75% (group II) the best evaluation results were showed by the parking lots at the shopping centres No. 5 and 7 (Tab. 10). This area has a high intensity of housing development -0.96-1.03, respectively, the number of fl ats -1,640-1,760, respectively and the number of working residents -1,750-2,310, respectively. Visibility from the residential houses to the parking lots comes to 9-11% (Tab. 2). A low occupancy (26-50%) and ineffi cient use of the parking lots of group III is determined by the adjacent streets (of categories A, B and C) of high traffi c volume, inconvenient accessibility, a low visibility of parking lots from the residential houses. In this group the relatively best evaluation results were obtained for the parking lots of the shopping centres No. 7 and 13 (Tab. 11). The intensity of housing development is 0.35-0.43, respectively, the number of fl ats -680-730, respectively, the number of working population is 630-970, respectively (Tab. 3).
In group IV of the parking lots with the lowest occupancy (up to 25%) the evaluation results are similar to those of group III, however, the parking lots of those shopping centres are distinguished by especially large number of parking spaces (400-500), a complicated accessibility, paid parking at night (Tab. 12). A low occupancy of parking lots in winter is determined by a small number of fl ats (580), a small number of working population (590), a low intensity of housing development (0.29) and the streets of high traffi c volume (Tab. 4).
The Eeffective Use and Development of the Parking Lots of Shopping Centres
The use of multiple-criteria methods SAW, TOPSIS and PROMETHEE showed that the occupancy of the parking lots of shopping centres in urbanized areas is mostly infl uenced by the demand for parking spaces, intensity of housing development, the number of fl ats and working population, accessibility of parking lots and their direct visibility from residential houses. The implemented complex analysis enabled to identify four groups of shopping centres by the occupancy of their parking lots. The main criteria were determined based on which the development of shopping centres in the urbanized areas shall be planned at the streets of certain categories taking into consideration the urban transport system.
The group I represents not large shopping centres (Fig. 9 ) having up to 100 parking spaces. Those shopping centres are located in residential districts, within the territory of multi-storey houses, where the prevailing intensity of housing development is higher than 1.00. In the adjacent area, at a 300 m radius from the shopping centre parking lot the demand for parking spaces reaches on average 363%, the average of working population living within the adjacent area -2,022, the average number of fl ats -1,795. The research has determined that accessibility of the parking lot of shopping centre from the residential house on foot varies from 3 min to 5 min. In order to reduce journey time, to reach optimization of engineering infrastructure and territorial development, those shopping centres shall be built in the territories of multi-storey houses. However, they must satisfy the main three limit values of criteria set by the experts (Tab. 13): intensity of housing developmenthigher than 1.00, the number of working residents -more than 2,000 and the number of fl atsmore than 1,800. Accessibility of the parking lot from the residential houses on foot shall not exceed 5 min and they cannot be separated by the street not larger than of category D (Fig. 9 ).
It was determined by research and substantiated by practical calculations that those shopping centres allow to reduce the number of parking spaces by 5.6% per one fl at. For example, having built 100 parking lots this will help to save 0.2 ha of the total area of the territory and 0.43 thousand EUR.
The group II (Fig. 10 ) represents shopping centres having from 100 to 150 parking spaces. In the adjacent area of shopping centres the demand for parking spaces reaches on average 374%, intensity of housing development -from 0.7 to 1.00, the average of working population living within the adjacent area -1,610, the average number of fl ats -1,428. The research has determined that accessibility of the parking lot of shopping centre from the residential house on foot varies from 5 min to 7 minutes (Fig. 10) . The parking lots occupy the total area of 2,000 m 2 -3,000 m 2 , thus, it is necessary to fi nd a ratio between the compact sustainable development, the shape of residential district and distribution of structural elements within the territory. Calculations have determined that at the given limit values (Tab. 13) those shopping centre parking lots allow to reduce the number of parking spaces by 5% per one fl at.
The shopping centres of group III are located at the main urban transport corridors (the streets of category B or C), therefore, research on their accessibility on foot showed that it will take the resident, having left his car in the parking of the shopping centre, from 7 to 10 minutes to come home. The parking lots occupy the total area of 3,000 m 2 -4,000 m 2 , thus, due to their size they are not recommended in the residential areas of multi-storey houses. Accessibility of those shopping centres on foot is poor, usually they are separated by fast-speed streets, therefore, the drivers waste time to cross the street. Due to the above mentioned circumstances, it is recommended to build this type of shopping centres in the territory of mixed housing development since there is a good accessibility by car, a large variety of goods and services, free parking. Those parking lots are suggested to be used for Park&Ride system. In a daytime the parking lots will be used by people working in this area and the drivers travelling to the city centre.
Group IV represents the largest shopping centres having more than 200 parking spaces and occupying the total area of more than 4,000 m 2 . In the adjacent area of shopping centres the demand for parking spaces reaches on average 411%, intensity of housing development -up to 0.3, the average of working population living within the adjacent area -950, the average number of fl ats -776.
Those shopping centres are characterized by the functions of business, entertainment and specifi c services oriented towards rich and middle-class people. Their location demonstrates their exclusiveness: large parking lots (Fig. 12) , concentration of 2-4 traffi c lanes and generated fl ows, high level of public transport development, etc. Though multi-storey houses or their groups get into the analysed 300 m radius, only few residents use those parking lots. Research on their accessibility on foot showed that it will take the resident, having left his car in the parking of the shopping centre, at least 10 minutes to come home. Those shopping centres are recommended to be built in sub-urban areas and to adapt them to the systems of combined journeys, for example, Park&Ride or Bikes&Ride.
For the newly planned shopping centres and their parking lots the limit values were determined (Tab. 13). They were determined based on the analysis that was made using multi-criteria evaluation methods. Development of the parking lots f shopping centre is regulated by four potential ways to reduce the demand for parking spaces. PC p -the total area of the shopping centre (m 2 ), PC ν -number of parking spaces at the shopping centre, UI -intensity of housing development, DG s -number of working residents, B s -number of fl ats, PC koccupancy coeffi cient for the parking lot based on the research fi ndings, PC r -the suggested percentage of reducing the number of parking spaces per one fl at.
Conclusions
It was determined that the occupancy index of the shopping centre parking lots from 10 p.m. to 2 a.m. varies from 1% to 100%, and the average total occupancy index is 27%. Tab. 13: The 4th shopping centres limit value in the residential districts of multi-storey houses the existing housing development is not taken into consideration and no efforts are made to rationally use land plots for parking of cars. Therefore, the entirety of criteria of shopping centre parking lots was formed, which allowed to determine factors enabling to increase the occupancy index. In order to improve parking conditions in the residential districts the list of 7 criteria was made. With the help of multi-criteria evaluation methods the signifi cance and priority order of separate criteria were identifi ed. The largest infl uence for the occupancy of shopping centres is made by the demand for parking spaces (0.3452), the number of fl ats (0.2058) and the number of working residents in the residential district (0.1562).
Having divided the shopping centre parking lots into 4 groups based on the occupancy index of parking lots and having made the multicriteria evaluation analysis, the limit values for all the groups were obtained. The best results were obtained for the shopping centre parking lots of group I having up to 100 parking spaces allowing to more rationally use land plots for the parking of cars. However, in order to reach this, the obtained limit values must be as follows: intensity of housing development -at least 1.00, the number of working residentsat least 2,000, the number of fl ats -at least 1,800. Calculations showed that the occupancy coeffi cient of parking lots can be increased to 1.00. The second position is taken by the shopping centre parking lots of group II. When planning the shopping centres of this group in the residential districts of multi-storey houses a rational ratio shall be found between the shape of housing and the distribution of the structural elements of the parking lot of shopping centre within the territory.
